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EXECUTIVE SUMMARY
Suburban multifamily housing is the fastest growing housing type in the United States. An estimated nine million multifamily housing units already exist in suburbs and another five million are projected to be built within 20 years. Suburban multifamily housing is unique in comparison to multifamily housing in urban areas as suburban developments are often only accessible by automobile.
Suburban multifamily housing often sits as a transition between single-family housing and commercial areas. Multifamily residents are often adjacent to or near local commercial areas (LCAs), but because of current site designs, pedestrian paths tend to be difficult to access. By creating better connected developments, walking and biking are made easier for residents of multifamily housing. This has the potential to save residents money, provide environmental benefits, and increase residents' health and sociability.
This study explores pedestrian connectivity in suburban multifamily housing and investigates the link between mode choice and connectivity in these developments. The study team created a set of connectivity criteria; administered a resident travel survey; held interviews and focus groups of both residents and planning and developing professionals; and performed a case-study code analysis to examine the current state of pedestrian connectivity in suburban multifamily housing and explore ways to improve it in future developments.
Survey data indicates that there is a significant difference between the travel behaviors of residents in well-connected versus less-connected developments. A greater percentage of residents of well-connected developments "ever walk or bike" to their LCA (73%) than residents of less-connected developments (58%). In addition, walking trips to the LCA are nearly twice the percentage of total trips in well-connected developments (43.0%) versus less-connected developments (23.7%). Dispelling commonly held beliefs about the amount of walking and biking occurring in suburbia, our study shows that more than a third of all trips to the LCA by residents of both groups are active travel trips.
Through the code review process, it was also determined that the codes of cities with wellconnected pedestrian networks share many of the same elements including: mandated sidewalks, bicycle parking, open space and street-landscaping requirements. Planners noted that politics often create a misunderstanding between planners and developers in creating well-connected developments, and provided examples of how some cities work beyond these politics.
Future studies should focus on larger analyses of pedestrian travel habits to better compare residents of urban and suburban areas, as well as a greater analysis of the connectivity criteria. Focus should also be placed on how to retrofit existing developments for better connectivity.
BACKGROUND
The suburbs hold a special place in American culture. People have sought out a home on a quiet suburban street for decades, touting the perceived privacy, safety and cleanliness of the suburbs as compared to the city. The American road systems, most notably highways, were created with suburban transportation in mind, allowing residents to commute from their home in the suburbs to their job in the city and back home using their automobiles, which became symbols of status and independence.
This suburban ideal has been contested recently, most notably by those concerned with transportation and its environmental impacts. By creating roads that are designed to maximize efficiency with widths that can accommodate traffic during peak hours, transportation planners have made driving the default for travel. In suburbia, desired destinations are often too far away to walk, bike or use public transit. When amenities are reasonably close, they are often difficult to access by pedestrians because of dangerous roads, a lack of pedestrian infrastructure, and indirect routes. Related to this, an increase in driving, with the decrease in walking and biking, also has been implicated in the nation's obesity epidemic.
Previous research has explored ways to increase walking and biking through the ideas of walkability (encouraging physical activity with pedestrian infrastructure and destinations that are close together and barrier-free) and pedestrian connectivity (which explores the types and directness of pedestrian routes between two points). Several studies have been conducted on pedestrian travel routes and behaviors, most notably in urban or transit-oriented settings (Agrawal et al. 2008 , Handy et al. 2003 , Hess et al. 1999 . While there has been some inclusion of suburban neighborhoods in these studies, there has been a lack of discussion about multifamily housing in suburbia. Suburban multifamily housing is the fastest growing segment of the U.S. housing stock, and continues to grow each year, even in times of economic turmoil (U.S. Census Bureau, 2007) .
Multifamily housing is unique in suburbia in that it is high-density development typically located close to commercial areas, and often acts as a buffer between these commercial areas and singlefamily housing. While the proximity of medium to high residential density (up to 30 units/acre) and commercial destinations exists, the lack of pedestrian connections between multifamily housing and commercial areas is limiting potential active travel and the ecological, economic and social advantages that can come with it.
This research focuses on understanding the degree to which connectivity has an effect on mode choice for suburban multifamily housing residents. This report is organized into the following sections: definitions of multifamily housing and connectivity; project methodology; findings and recommendations; and conclusions for future multifamily housing developments.
THE LINK BETWEEN SUBURBAN MULTIFAMILY HOUSING AND CONNECTIVITY
WHAT IS SUBURBAN MULTIFAMILY HOUSING?
Suburban housing is often considered to be comprised solely of low-density, detached, singlefamily homes. However, almost one in four housing units in suburbia is an alternative to singlefamily housing, with most of these units actually being medium-to high-density (12-30 units per acre) multifamily housing ). There are more than nine million multifamily housing units in suburbia (AHS 2007) and another five million units are projected to be built in the next 20 years. In addition, suburban multifamily housing has been the fastest growing segment of the housing market since 1970, far outpacing single-family homes.
Suburban multifamily housing is different than multifamily housing found in urban areas in that they are often on large lots (often over three acres), include multiple buildings, and often have their own internal circulation infrastructure. Buildings tend to be two or three stories in height with double-loaded corridors, wood-frame construction, exterior vertical circulation, and balconies. Parking is often exterior to the building, taking up most of the space around buildings (see Figure 2 .1). Many developments have assigned parking spaces, with one or more spaces per unit. Suburban multifamily housing is often located along major arterial roads and is used as a buffer between commercial areas and single-family housing. These arterial roads provide "perhaps the least hospitable pedestrian path… [with] few, if any, designated crosswalks and [are] much too wide for a pedestrian to cross safely" (Southworth 2005) . While these developments tend to be connected to arterials, because of a lack of pedestrian and bicycle infrastructure and connectivity they are not typically easily accessible to each other or to nearby commercial areas by walking or biking.
Who lives in suburban multifamily housing?
A broad spectrum of individuals live in suburban multifamily housing. Many of the residents are drawn to the suburbs due to the amenities or proximity to employment, but desire the increased mobility and decreased maintenance and cost of multifamily housing compared to single-family housing. While single-family housing is made up of primarily nuclear families, nationally about two-thirds of households in suburban multifamily housing are what the U.S. Census defines as "non-families." This is defined as individuals living alone or with roommates, divorcees, widows and unmarried couples. Suburban multifamily housing is also more ethnically and racially diverse than single-family housing (Larco 2010) . In regards to household type, survey resident are primarily single without children. Also consistent with Eugene in general, surveyed residents are also primarily white but also include a range of minority groups.
WHAT IS CONNECTIVITY?
Connectivity, for the purposes of this study, is a measure of the amount and types of designed pedestrian routes within an area, including sidewalks and pedestrian paths. These routes connect residents to the buildings and amenities inside their complex as well as the larger neighborhood. Typically, higher connectivity correlates to less difference between the "as the crow flies" distance and the walking distance between two points. This is especially significant in suburbia since street patterns are fragmented in many suburban neighborhoods, causing walking distances to often be significantly longer than the straight-line distance (Southworth 2005 , Frank et al. 2003 . The degree of path continuity and the absence of barriers also play an important role in creating a well-connected pedestrian network.
While researchers have started to develop ways to measure connectivity, existing literature typically does not differentiate between pedestrian networks and street networks when discussing connectivity, as sidewalks are typically considered to be located along streets. Handy et al. (2003) discusses several measurements, including a Connectivity Index, which calculates the number of street links divided by the number of nodes or link ends. That report also discusses a measure comprised of the ratio between the travel distances between two points using the pedestrian-dedicated network divided by the straight-line distance between the points. Overall, both of these measures gauge the directness of paths between destinations. The first is a rough measure of all potential origins and destinations (a network score) and the second is a specific path-based measure (a path score).
In this study, we started with these widely used measures of general connectivity evaluation, but also developed an additional set of connectivity measures that specifically address the unique conditions of large-lot multifamily development (i.e., developments where the pedestrian network is not necessarily associated with a street network). This led to the "Connectivity Criteria," which are outlined in Section 3.1.
MULTIFAMILY HOUSING AND CONNECTIVITY
Currently, suburban pedestrian travel routes are not direct. A study by Hess et al. (1999) showed that "on average, the length of walking routes is 27 percent longer than the air lines distance between residential and commercial areas in urban sites, versus 66 percent in suburban sites." This discrepancy between urban versus suburban sites can be largely attributed to typically disconnected street patterns in suburbia that include cul-de-sacs, looped roads, and limited access between neighboring developments.
This disconnected nature of suburban development can act as a barrier to active travel as actual travel distance to destinations is further. While this is often not seen as critical in suburbia, a location where active travel is typically not considered, researchers have observed that the proximity of suburban shopping centers and suburban multifamily housing could play a significant role in the future of suburban transportation planning , Hess et al. 1999 . This has led to the recommendation that "the sheer number of people living in these neighborhoods (typically in multifamily developments) also calls for further research on the potential of these areas to contribute to a balanced transportation program" (Hess et al. 1999 ).
The latent potential in proximity of residences and commercial areas can reduce residents' reliance on automobiles and increase active modes of travel such as walking and biking, especially for short trips under a half mile. Increasing active travel might reduce vehicle miles traveled, which has positive impacts on the environment as it reduces carbon emissions. In addition, walking and biking can have a positive effect on residents' physical and mental health and can provide economic savings.
Residents of multifamily housing are an ideal demographic to make utilitarian, non-work-related, active travel trips as they have already been reported to use active travel significantly more than single-family residents for work-related trips. In 2005, the U.S. Census Bureau reported that multifamily residents are three times more likely than single-family residents to walk or bike to work, four times more likely to use transit, and twice as likely to carpool (U.S. Census, American Housing Survey, 2005). Since multifamily housing is often used as a buffer around commercial development, suburban multifamily residents are often living within walking distance to commercial areas.
Health, Economics and Equity
Recent research has established a strong link between health benefits and environments that support active travel (Frank and Engelke 2005; Frank and Kavage 2008) . Health benefits include a reduction in obesity rates, mortality rates and rates of illness, and also have been correlated with increased productivity (seen as a reduction of sick days). In addition to these benefits, active travel also can increase quality of life by increasing the independence of individuals who would otherwise have to rely on auto transport. This is important for populations who have limited access to cars due to costs or being too young or too elderly to drive. This is especially critical for suburban multifamily housing as the typical demographic of this housing type includes the elderly, economically disadvantaged individuals and, to a lesser extent, youth (Larco 2010) . While multifamily housing attracts residents with a wide income range, this range does include a substantial proportion of individuals who are economically challenged and are living in multifamily housing because it is an affordable option that tends to be close to workplaces and commercial areas. Increasing active travel for these populations can have an economic effect as residents do not need to have access to automobiles or pay for additional fuel for these short trips.
Sociability
Walking is also a form of community building that has suffered from the need for personal automobile transportation. Freeman (2001) noted that "the sprawling neighborhoods of today are thought by many to spawn social isolation in their inhabitants."
There is a level of healthy community interaction which comes from casual interaction on streets with pedestrian and transit systems, creating "social capital" in the social networks and interactions that inspire trust among neighbors (Newman and Kenworthy 1999, Leyden 2003) . A study in Galway, Ireland, a growing suburb, suggests that residents of more walkable neighborhoods have higher levels of social capital, communicate more with their neighbors and are more socially engaged (Leyden 2003) . Creating areas that promote active travel in suburban multifamily developments can potentially foster this increase in social capital.
METHODS
To develop the criteria for pedestrian connectivity as well as how residents of multifamily housing make their travel decisions, this study used a mixture of quantitative and qualitative information gathering. These methods included surveys, interviews, focus groups and case studies. It was important to gather quantitative information to develop a baseline of actual resident mode choice and attitudes. It was equally important to speak with both residents and professionals to gather qualitative information about their perceptions of active travel related to suburban multifamily housing.
Information throughout this study was presented to staff at the City of Eugene, the Oregon Department of Transportation (ODOT), and the Oregon Department of Land Conservation and Development (DLCD), who all gave invaluable input throughout the process.
CONNECTIVITY CRITERIA
The initial step of this study was to identify connectivity measures to develop criteria that could be used to systematically evaluate the pedestrian and bicycle connectivity of suburban multifamily developments. For the purposes of this study, we sought to identify elements that create well-connected environments and those that create less-connected environments.
Previous research related to connectivity has been primarily focused on urban settings with a secondary focus on suburban neighborhoods (Handy et al 2003 , Frank et al. 2003 , Southworth 2005 . This previous research provides an overview of the concept of connectivity and generic travel habits; however, information gathered from that research was not sufficient for the needs of this study as our target areas where qualitatively different than the areas investigated in those studies. This study focuses on suburban multifamily housing, which is different than most typologies in urban and suburban settings in that these developments have large lots that are often without any internal street network. Instead, vehicular circulation is contained in large parking lots or parking lanes (vehicular lane with perpendicular parking on both sides) and the pedestrian network is often distinct from the vehicular circulation path. Also, pedestrian paths (both formal and informal) often connect directly with adjacent developments, regardless of vehicle connections.
The connectivity measurement criteria, outlined in Table 3 .1, are divided into three types of measurements. The first type of criteria, Internal Connectivity, measures connectivity within multifamily developments, most notably how residents get from their buildings to destinations internal to the development as well as to exits and entrances to the development itself. Important criteria in this category include pedestrian route directness, which measures the distance between two destinations along the pedestrian-dedicated route and the straight-line distance, and development network node density, which measures the amount of pedestrian options inside a development by the number of sidewalk intersection points. Both of these measures are similar to typical connectivity criteria with the slight difference that they focus on the pedestrian networks instead of street networks. Another important criterion is the pedestrian friendliness of the automobile realm, which is measured by looking at the types of vehicular paths and parking areas (parking lots, parking lanes, parking pods, etc.) and comparing them in terms of their compatibility with pedestrian travel. The second type of criteria, Pass-Through Connectivity, explores how people from inside and outside of the development can get through the development to access adjacent properties. There is only one criterion for pass-through connectivity, which is access point distribution. Access point distribution measures the angles between access points in a development. Multiple, welldistributed access points will result in smaller angles, which lead to a greater amount of choices to get in and out of a development and less "access shadows" or areas that are inaccessible by residents.
External Connectivity, the third type of criteria, measures the ease with which residents can get from their development to a commercial area. Important criteria in this category include external route directness, which is the difference between the straight-line distance between a building and a commercial area and the actual network distance, as well as presence of a protected pedestrian path, which gives a ratio of how much of a pedestrian path is along a pedestrian protected route with sidewalks, trees lining the street and other protective elements.
These criteria were used to evaluate potential case-study sites and allowed us to designate these developments as either well-connected or less-connected. Top researchers in the field of pedestrian transportation and connectivity as well as professionals across the state of Oregon provided feedback on these criteria and helped to narrow ideas to the current list. The full connectivity index is available from the authors.
CASE STUDY SELECTION
For this study, we focused on sites around Eugene, Ore., a mid-sized city (155,000 residents) in western Oregon located at the southern end of the Willamette Valley. Eugene has a substantial suburban area around the city center; has a typical amount of suburban multifamily housing development for a city of its size; and allows a natural experiment related to differences in connectivity as it changed its multifamily zoning code to mandate increased connectivity in 2001. This code change included changes to the street network requirements, parking design and pedestrian infrastructure.
To select the potential case-study sites, we used geographic information systems (GIS), countylevel tax parcel data that contained land-use descriptions, site addresses and parcel sizes. An initial "potential site list" of a few dozen developments in Eugene fit the criteria of suburban location, multifamily housing land-use designation, a minimum of 30 housing units in the development, and larger than two acres. The lower limit on unit numbers and acreage was used to eliminate developments that were not large enough to need their own internal circulation infrastructure.
Since the purpose of this study was to analyze people's travel routes, it was necessary to have a standard destination for each development. This study employed the concept of "pedestrian magnets" to be the qualifying criteria for destinations and referred to the description provided by the U.S. Green Building Council's Leadership in Energy and Environmental Design (LEED). According to LEED's 2005 publication, "Development Density and Community Connectivity," commercial pedestrian magnets include destinations such as banks, grocery stores, post offices, restaurants and commercial offices. For our study, all case-study sites were within walking distance (1/4 mile) of a commercial magnet that had to include a grocery store. Grocery stores were selected as a "minimum" criteria, as they are ubiquitous and are often daily, utility-based destinations.
PHYSICAL DESIGN AUDIT
From the list of potential sites within a quarter-mile of a grocery store, we selected 14 developments that represented a range of connectivity and were comparable (between the connectivity groupings) in terms of ranges of size, density, proximity to commercial areas, and quantity and quality of commercial development nearby. To arrive at the connectivity ratings, we completed a physical audit of the final 14 case-study sites using the connectivity criteria discussed in Section 3.1. For each study site, we generated a numeric score for each connectivity measure and then ranked the site relative to the other sites in the study. To create a composite measure we compiled these individual scores and created an overall connectivity score for each site. These connectivity scores ranged from 0 (poorly connected) to 100 (very well connected). It is important to note that because the connectivity score was based on rankings between the casestudy sites, the absolute score is only useful as a relative measure of connectivity and not an absolute measure that can be used with sites outside of this study.
The differentiation between well-connected and less-connected developments was established at a natural break in the continuum of connectivity and was then verified via discussions with landuse and transportation planners and professionals. Table 3 .2 shows the characteristics of the 14 case-study development sites. While individual sites varied in respect to the controlled variables, this variation was similar across the two groups (well-connected and less-connected) and both groups had similar averages in each category. The one discrepancy within the groups was in the number of commercial establishments in the local commercial area (LCA), with well-connected developments having fewer establishments than less-connected developments. As our hypothesis was that well-connected developments would actually have more pedestrian activity regardless of having less stores available (i.e., the connectivity was the critical variable, not the number of stores) we were not concerned by this discrepancy. 
RESIDENT SURVEY
In order to understand the travel habits of residents in suburban multifamily developments, we developed the Multifamily Housing Travel Survey and sent it to residents of the 14 case-study sites. The survey asked questions about residents' travel habits, how they choose their modes of transportation, and barriers to walking and biking. The survey consisted of 27 questions divided into six sections: transportation modes and frequency; transportation choices; ease of walking and biking; housing choice; demographic information; and a final section consisting of a mapping exercise. The survey was received by a total of 1,493 residents in March 2009. We used standardized survey distribution strategies, including an introductory postcard, a survey mailing, a follow-up postcard, and then a second mailing (Dillman 2000) .
All study sites were surveyed simultaneously to avoid differences in weather, fuel costs and day length. The survey period had an even mix of sun and rain with daytime temperatures typically ranging between the mid-50s up into the 70s. In general, this area of Oregon has mild but wet winters, a mix of wet and dry springs and falls, and mild, dry, and pleasant summers, making walking and biking feasible throughout the year.
A total of 229 surveys were returned, representing a 15.3% response rate (130 out of 848 returned from well-connected sites (15.3%) and 99 out of 645 from less-connected (15.3%)). This response rate did raise some questions as to how well the survey responses are representative of residents in general. Given the strength of many of the results outlined below, we do not feel that this is a major concern. The final analysis excluded individuals who did not have access to a car and hence used active transportation by necessity and not by choice. Incorporating this filter left 198 respondents in the analysis. Survey findings are discussed in section 4.2.
RESIDENT FOCUS GROUP
The surveys provided quantitative information to measure the habits and opinions of residents of suburban multifamily developments, but it was also important to gather qualitative information on specific problems and assets in terms of pedestrian connectivity. To address this, we planned a resident focus group where residents could be asked more specific questions about their development and travel habits, including:
 The frequency with which they travel to their commercial area, since the survey map did not inquire about frequency;
 Pedestrian barriers, shown on a map; and  What their ideal development would look like.
Residents interested in participating in a focus group returned an interest form with their survey; over 40 of these forms were returned. Two focus groups were established, one for residents of two well-connected developments located in close proximity to each other and one for a series of five less-connected developments located along a major arterial road. Even though similar protocols used in earlier, successful focus group studies were applied here, the first focus group was not held due to poor attendance, and a second focus group was held with only three participants. Needless to say, the low attendance rate for focus groups limited the usefulness of this exercise. Future studies will incorporate a reward/incentive to increase focus group attendance.
CODE ANALYSIS
The second part of this study examined codes and practices of cities across the United States. The focus was how "progressive" cities regulated their development to promote connectivity. Along with Eugene, five other cities were identified and selected for code analysis relating to multifamily housing and transportation. Planners in each city were interviewed to help answer questions about their codes, including the development atmosphere in their city and links between sections of the code.
Progressive cities were identified using a range of sources. This included Susan Handy's report to the American Planning Association on "Planning for Street Connectivity" (Handy 2003) , which identified several municipalities with progressive codes, suggestions solicited from several Internet listservs for transportation professionals, and discussions with professionals and academics at presentations and conferences. From those sources, the following six cities were chosen for the code analysis:
 Eugene, Ore. Sections of each city's code dealing with multifamily housing and automobile and pedestrian transportation were examined and compared. For ease of analysis, a spreadsheet of each city's code was created, organizing the relevant codes by major topic sections.
PLANNER/DEVELOPER FOCUS GROUP
To better understand the role of planners and developers in creating well-connected suburban multifamily housing developments, we held a focus group with planners and developers in the Eugene area. We invited individuals who were related to the design, development or review of multifamily housing developments to participate in the discussion. Seven participants attended, including two land-use planners, a transportation planner, a neighborhood association representative, a board member of a local non-profit, and a developer and an architect both involved with building and designing local multifamily housing.
There were three main topics of discussion: what might be preventing the creation of wellconnected developments (in terms of code language, development atmosphere, etc.); what factors influence the level of connectivity in a multifamily development; and what kind of information would be useful in a handbook about multifamily housing site design.
BEST PRACTICES HANDBOOK
The information gathered throughout this project is being compiled in a Best Practices Handbook for planners, architects and developers to use when designing and reviewing new multifamily housing developments. The focus of the handbook is on site design that leads to well-connected developments and neighborhoods. From information gathered during this study, we developed 10 major topic sections that organize the handbook. Each of these 10 criteria is developed in the handbook, showing why the criteria is important, how that element is usually executed in multifamily housing, ways to improve the element, and how other municipalities are improving that element. Each section includes photographic examples of less-connected and well-connected developments for comparison.
The following is an example of the comparisons that are made in the handbook. 
FINDINGS & RECOMMENDATIONS
The findings from this project are organized into three categories: 
CONNECTIVITY CRITERIA
Through the analysis of the connectivity criteria, we developed a ranking system that divided the 14 case-study sites into groups of well-connected and less-connected developments. The casestudy developments were ranked from most connected to least connected (shown in Table 4 .1). The scores were generated out of 100 possible points that any development could achieve. The numbers in parentheses are these accessibility scores, meaning that with an accessibility score of 74, Heron Meadows is the most connected development, while Firwood was the least connected development with an accessibility score of 2. Some developments had mixed levels of connectivity when comparing internal and external connectivity. Developments like Apple Orchard and Greenleaf Village are both ranked low on the well-connected developments list, but they have good internal connectivity scores with lower external connectivity scores. The opposite is true for developments like Riviera Village and Applewood, which have the worst internal connectivity scores but higher external connectivity scores. Given the range of development conditions of each study site, this variation was expected. The idea behind the composite connectivity rankings was to enable us to group major trends of more and less connected development and compare overall survey results for these two categories.
After reviewing the connectivity criteria with experts in the field, we examined correlations between the measures and found some of these dimensions are positively correlated to each other while some are negatively correlated. 1) Connectivity  Measures 1 (internal continuous pedestrian network, building to building) and 8 (presence of a protected pedestrian path) are not highly correlated, meaning that a development can be well-connected internally but have poor pedestrian protection on the path to the commercial area.
2) Node Density  Measure 3 (node density) is highly correlated with measure 1, meaning that developments with more nodes in the internal pedestrian network also tend to have an internal pedestrian network that is more continuous.
3) Access Point Distribution  Measure 6 (access point distribution) is correlated with Measures 2 (internal pedestrian network), 7 (external pedestrian route directness), and 8 (external protected pedestrian path). This is interesting because Measure 6 describes an internal feature where Measures 7 and 8 are strictly external features.
4) Route Directness  Measures 4 (internal pedestrian route directness) and 7 (external pedestrian route directness) are negatively correlated with each other, meaning that developments with good internal route directness seem to have poor external route directness and vice versa. This seems to be a coincidence of the sites we have chosen, and not a rule.
5) Internal Auto Circulation and Pedestrian Friendliness of the Automobile Realm 
Measure 5 (pedestrian friendliness of the automobile realm) examines the types of parking within developments (large parking lots being the least friendly for pedestrians and parking pods being the friendliest). Measure 5 is highly correlated with Measure 3, pedestrian node density, showing that a development with more nodes on the pedestrian network is more likely to have more pedestrian-friendly parking.
6) External Streets  Measure 9 (external street type) was most highly correlated with Measure 8 (external protected pedestrian path). Not surprisingly, this suggests that local streets are more highly correlated with protected pedestrian environments and autooriented streets in the study areas did not often mitigate the auto-oriented nature of the street with specifically designed protected pedestrian elements.
7) Internal Connectivity  Measures 2 (internal continuous pedestrian network, building to egress) was highly correlated with Measures 1 (internal pedestrian network), 3 (node density), and 6 (access point distribution). These measures all represent strong internal connectivity.
Overall, the measures of internal connectivity tend to be associated with each other and the measures of external connectivity tend to be associated with each other, but there is little connection between the two.
RESIDENT TRAVEL SURVEY RESULTS
The resident travel survey was divided into the following six sections: Travel Modes, Factors Influencing Transportation Choices, Ease of Walking and Biking, Housing Choices, Demographic Information, and a Mapping Exercise. The results from each of these sections are discussed below.
Travel Modes
The first two questions of the survey asked residents to estimate the total number of trips they made to their LCA in the past month and note the number of trips they made per week using four transportation modes: walking, biking, driving and public transportation. The LCA was defined for residents through a map showing their development, nearby streets, and the border of what we were considering to be each site's LCA. Walking was defined as including wheelchair use, while biking was defined as including any other non-motorized transportation with wheels (bicycle, skateboard, rollerblades, etc.).
We analyzed the results from these questions in two ways: first we looked at total trips and percentage of trips by each mode (shown in Table 4 .3) and next we looked at each individual's travel behavior and the percentage of individuals making different mode choices (shown in Table  4 .4). Contrary to popular perception as well as studies regarding mode choice in suburbia (Ewing, Schmid et al. 2003) , residents reported a substantial amount of active transportation trips across both well-connected and less-connected developments. As shown in Table 4 .3, across all sites more than a third of all trips to the LCA are active transportation trips (38.7%), with a large majority of those trips being walking trips. When looking at the data in terms of an individual's travel behavior, there are two interesting findings in the results from this set of questions. The first is that, again, contrary to popular beliefs about walking and biking in suburbia, there are a large number of individuals choosing active transportation to travel between suburban multifamily housing and LCAs. Nearly 68% of respondents reported taking at least one active transportation trip per week to their LCA.
A second finding is that the travel mode a person chooses for trips to their LCA is significantly associated with the level of connectivity of the development they live in. People who live in well-connected developments are more likely to choose active transportation modes than those who live in less-connected development. Almost three quarters (73%) of people living in wellconnected developments walk to their LCA at least once a week versus just over half (53%) of people in less-connected developments. In addition, over twice the percentage of residents in well-connected developments (20.3%) versus less-connected development (9.5%) only walk or bike to their LCA.
Factors Influencing Transportation Choices
The transportation choices section of the survey asked residents to rate reasons why they drive and reasons why they walk or bike to their LCA. Respondents were asked to rate the importance of specific factors related to making their travel decisions and to list the top three factors that influenced their mode choice. Table 4 .5 shows the reasons why residents might drive to their LCA and the percentage of residents who listed the reason as one of their top three choices.
Residents of well-connected and less-connected developments listed the same reasons as the three most important:
 I often combine trips to my LCA with trips to other destinations that require a car (68.8%, 67.4%).
 There is too much for me to carry, so I can't walk or bike (67.6%, 52.7%).
 I do not like to walk or bike in bad weather (57.6%, 39.2%). (Note: This answer may be slightly higher than studies in other areas because of the rainy climate in Oregon.) Crime in the area keeps me from walking and biking. 9.7 6.2 15.4 The distance from my residence to my local commercial area is too far for me to walk or bike. Having to go through parking lots within my apartment complex prevents me from biking or walking.
3.9 3.1 5.1
There is no direct walking or biking path to my local commercial area.
3.2 4.1 1.7
There are no sidewalks, crosswalks, or bike lanes to walk or bike on. Table 4 .6 shows the results of the second question in this section about reasons why residents might walk or bike rather than drive to their LCA. Again, residents of both types of developments picked the same three reasons as most important:
 Walking and biking is better for my health (92.1%, 90.6%).
 Walking and biking is better for the environment (72.3%, 67.7%).
 I want to save money (56.4%, 61.8%).
One interesting difference is that a greater percentage of residents in well-connected developments believe that it is faster to walk or bike to their commercial area than it is to drive (27% compared to 16% in less-connected developments). Parking at my local commercial area is difficult. 12.5 13.9 9.9 I often combine trips that involve walking or biking, and my local commercial area is on the way. 9.8 8.9 11.7 I do not have access to a car. 8.5 7.9 9.5 I enjoy seeing and meeting other people when I walk or bike.
8.6
3.0 19.8
Parking in my development is difficult. 5.9 6.9 3.8 Other 11.1 11.9 9.8 n=153 n=101 n=52
Overall, residents of both well-connected and less-connected developments show similar attitudes in ranking factors that affect their travel decisions, but simultaneously have very different travel behaviors. Given that the primary difference between the two groups is the level of connectivity in the development, this suggests that the built environment is playing a key role in travel decisions.
Ease of Walking and Biking
The third section of the survey asked residents questions about the ease of walking and biking within their development as well as between their development and the LCA. Table 4 .7 shows the responses by well-connected and less-connected residents. Results from this table show that the perception of the ease of walking and biking is not significantly associated with a site's internal connectivity. However, the perception of the ease of walking and biking is significantly associated with the level of connectivity between a resident's development and LCA (external connectivity). Residents in well-connected developments are more likely to think that it is easy to walk to their LCA than residents in less-connected sites. Also, over half (55%) of the respondents from well-connected sites thought that walking or biking to their LCA was very easy versus only 31% of residents in less-connected sites.
When asked if they would walk or bike more if it were made easier to do so, residents of wellconnected and less-connected developments gave significantly different responses. Table 4 .8 shows the responses to this question, which was asked to understand the impact that changes to the built environment could have on behavior. Seventy percent of respondents in well-connected developments said it was already easy and convenient to walk and bike versus only 36% in lessconnected sites. Related to this, more respondents from less-connected sites are likely to change their behavior if circumstances around them change (39% for less-connected vs. 20% for wellconnected developments). This suggests that changes to the built environment would correlate to substantial changes in walking and biking behavior and, not surprisingly, that the changes would be most effective in areas that currently have lower connectivity. 
Housing Choices
The survey also asked residents how they chose their homes to examine how attitudes towards housing selection vary and to control for self-selecting biases that might exist. If residents specifically choose their housing based on how much it supports active travel, the differences we have reported above might simply be the results of a self selection of "active travel leaning" residents into the more-connected environments. As with earlier questions, the results shown in Table 4 .9 indicate that residents of both types of developments have similar attitudes in regards to housing selection and chose the same top three answers to this question:
 Rent price (76.3%, 83.5%).
 Characteristics of the residence itself (size, etc.) (65.7%, 48.7%).
 Safety from crime (44.9%, 54.9%).
For both well-and less-connected developments, ease of walking or biking to any designated location ranked at the bottom of the list. This finding would again indicate that residents are not self-selecting based on a preferred mode of travel and that the built environment is likely contributing to the noted differences in travel modes.
A few differences do exist in resident responses to this question. A greater percentage of residents of less-connected developments indicated that they care about the proximity to their place of work when making their decision (46% vs. 28%), showing that a shorter travel distance between their home and place of work is a deciding factor in where they will live. Table 4 .10 compares the demographic characteristics of survey respondents. Related to the difference in age of developments, as expected, residents of the well-connected developments were often economically better off than residents of less-connected developments. Respondents from the well-connected developments also tended to be younger and slightly more educated than residents of less-connected developments. Also, there was a slightly larger percentage of residents in less-connected developments that described their households as "Married/partner with children." Both groups, however, were similar in regards to gender and race. Based on some of the differences in demographics, we looked at several control variables, including age, income, gender and education, which might explain differences in travel mode choice between the well-connected and less-connected developments. We also looked at control variables relating to differences in study-site size and distance to the LCA. We measured size by both acreage and number of units, while distance was measured both as an "as the crow flies" distance as well as a pedestrian/street-network distance. In multiple combinations of variables, site connectivity consistently showed the best fit with resident mode choice, suggesting demographic differences between well-connected and less-connected respondents and differences in distance to LCA or size of study site were not responsible for resident mode choice. Only one demographic characteristic, gender, was significantly related to number and percentage of trips, with males making more active trips and having a higher percentage of their trips being active. Independent of this, everyone -males and females -were more active in the well-connected complexes. 
Demographic Information
Mapping Exercise
In the final section of the survey, we presented residents with an aerial map of their development and the surrounding commercial area. We then asked residents to mark where they live with an "x" and circle all of the places they went in the last month (including stores, restaurants, banks, friend's house, parks, etc.). Next, we asked residents to draw lines showing the exact route they take only if they walked or biked to these destinations.
A prevalent trend in the resident responses was that jaywalking was very commonplace. In locations where crosswalks or traffic lights were not within the direct path to destinations, residents would often draw a line crossing a road in the middle of a block, away from a crosswalk. This finding is similar to that of Hess et al. (1999) , who completed a study of people's walking behavior in suburban areas and found that 32 percent of suburban residents jaywalked when trying to get to a commercial area versus 20 percent in urban sites. They noted that "the very high incidence of jaywalking in suburban sites suggests that pedestrians take risks because they lack options in their walking routes, and this points to a major safety problem" (Hess et al. 1999) .
The map data is still in the process of being analyzed using geographic information systems (GIS). Respondents' travel routes will be evaluated with the most direct pedestrian routes to compare the path lengths and potential barriers to pedestrian activity. This information will be available at a later date.
Resident Focus Group
The resident focus group provided information complimentary to the surveys. Participants discussed how time is the biggest factor limiting walking and biking activity, especially in lowerincome areas where people might have more than one job. An older participant noted a large amount of walking and biking to her commercial area as she was retired, while a couple with a young child noted relatively little walking and biking because of time constraints with multiple jobs, school and raising a child.
When asked about elements of their ideal development, residents listed the following items: Safety was discussed as the largest concern with walking and biking. Living along a highvolume arterial road made the residents feel unsafe using the sidewalk or biking along the road. The area where the residents lived is an area with a high homeless population, which all participants noted as a safety concern, especially walking or biking in the dark. They discussed how adequate lighting might influence their decision, both overhead lighting and more crosswalks with pedestrian lights. Participants also discussed having limited access to bike facilities like secure racks and covered parking, and access to these facilities might increase their desire to use a bicycle.
While these findings were consistent with the information gathered through the survey, it should be noted that the focus groups had very limited participation, only included residents of lessconnected developments, and cannot be considered descriptive of the population as a whole.
CODE REVIEW
City codes provide the foundation for development, guiding development to fulfill certain goals. This study looked at six cities' codes to compare their requirements for several elements that make for well-connected, pedestrian-friendly neighborhoods. Table 4 .11 outlines a few of the most critical elements within the six case-study cities. In general, there is substantial overlap between these codes in the topics they cover and presumably therefore see as most critical to creating successful multifamily development. Connectivity-related topics include parking, sidewalks, bike parking, open space design, street landscaping and building street frontage.
All codes required a full pedestrian network of sidewalks that connect all buildings to each other and to other amenities on site. Parking was dealt with in different ways across the different jurisdictions, but a general trend of trying to minimize the impact of parking and automobiles on the pedestrian realm was consistent. This was represented as either minimizing the centrality of parking (parking underground or behind buildings) or mitigating the extent of parking (focusing on parking courts or minimizing continuous rows of parking). Bike parking was almost universally required or heavily encouraged. Across codes, buildings were often either encouraged or required to front on streets instead of on parking areas or open spaces.
Although we have collected all of the codes and have done a preliminary analysis of them, due to time limitations and an expanded list of model codes to review, we have only arrived at initial findings at this point. An expanded analysis of these codes is currently underway and we are incorporating this analysis into the Best Practices Handbook being developed through another OTREC grant. 
Planner Interviews
In addition to code reviews, we also interviewed planners in each of the six case-study cities. These interviews provided insight that examining the code by itself could not. The most-often mentioned deterrent to creating better connectivity was the politics involved in development, both between government and developers as well as between developers. A common complaint was that planners sometimes think that developers are trying to get away with something, while developers feel like planners do not understand the realities of development and enforce unnecessary regulations.
Huntersville provided an interesting example of developers working together. Because the landscape in Huntersville lends itself to the division of property lines along streams, developments must work together to create stream crossings. This leads to developments being connected together in unique ways since a planner noted the public discomfort with stubbed out streets at the property lines because of fears of crime and public garbage dumping. Arlington also provided an example of developers and planners working together early on as part of their site planning process. This process was central to letting developers and planners work through any misunderstandings or issues with the plan, prior to approval by the County Board.
Planners also went into more depth about the community perception of barriers to multifamily housing. There is a fear of the increased density and the sense of the decline in the quality of life that could come with multifamily housing. While developers are often interested in building at higher densities, the public reaction to density and the potential that this will create costly delays in project development are often considered to be barriers to projects. Planners saw the public process and design as a critical element to mitigate public fears. A planner from Asheville said that site landscaping, open space, and parking-lot landscaping can ameliorate these fears. Incentives can also help encourage developers to build higher-density, well-connected developments, and planners mentioned specific incentives already in place. In San Jose, properties within 2,000 feet of a transit station are allowed to provide 10% fewer parking spaces. San Antonio waives fees for putting in bus stops along transit lines in new developments as well as shared parking between properties.
Planners also discussed the role of multifamily housing as a transitional development. In Huntersville, multifamily housing is often a transition between commercial areas and singlefamily housing, as is the case in many cities. Multifamily housing is also a transition between single-family housing and transit facilities in Huntersville since the greater density of multifamily housing is better suited to transit. A planner from Arlington also said that multifamily housing is used as a transitional element between single-family housing and other land uses, and he believed that this was a positive aspect of multifamily developments if they are of high quality.
In general, planners seemed to agree that design of multifamily developments was a critical aspect both in the public perception of projects and in their actual functionality. Connectivity was seen as an important factor to be considered when developing multifamily projects, especially as it related to connections to commercial areas. Connection to single-family areas, in contrast, was often considered to be a potentially volatile political issue.
Eugene Planner/Developer Focus Group
Eugene-based planners and developers participating in the focus group were candid in their discussion of what was preventing them from making well-connected multifamily developments. Developers and designers spoke about how city codes contradict themselves and can be easily misinterpreted because of vagueness. Planners agreed and said(?) these codes are purposefully vague as to not prescribe certain ways of development, but to allow flexibility in development. All agreed, however, that it is difficult to align development standards towards a common goal because of the vagueness in code language.
Many of the participants mentioned that perceived safety among residents and property owners is a significant reason for less-connected developments. Residents fear that their development will be used as a walkthrough for people they may not want in their development, which may lead to an increase in property or personal crimes or an increase in the fear of these crimes. Participants also noted that property owners of multifamily housing developments have similar safety concerns. Other researchers have echoed these sentiments about safety and alternative transportation, though some believe that proper design is the key to calming these concerns (Handy et al. 2003) .
After this discussion, participants contributed their thoughts on elements of a well-connected multifamily development and the surrounding neighborhood. The most often mentioned elements are listed in Table 4 .12.
Visitability and security are two elements that were mentioned with great frequency. The concept of visitability was mentioned in early discussions in the focus group, and the group seemed to gather around that term. According to the Visitability Initiative at the University of Buffalo, visitability is "an affordable, sustainable and inclusive design approach for integrating basic accessibility features into all newly built homes and housing" (CIDEA 2006) . Other important elements of well-connected developments that were mentioned were providing multiple modes of transportation, incentives and low cost for developers, and creating more direct and clear communication between planners and developers to reach a common goal. 
CONCLUSION
The results of this study show that, contrary to common perceptions, there is a substantial amount of pedestrian activity in and around suburban multifamily developments and that more connected sites result in more active travel. The amount of this travel, however, and the percentage of individuals engaged in it is dependent on site connectivity. Suburban multifamily development patterns have followed the typical enclaved site-design strategies seen throughout suburbia. These site-design strategies are, quite literally, barriers to capitalizing on the potential health, economic, environmental and social benefits of fostering more active travel in suburbia. These results should give planners and designers reason to improve suburban multifamily site connectivity and should lead to a re-evaluation of local zoning and design guidelines.
While this study focused on active transport from suburban multifamily housing developments to LCAs, the results suggest that there may be additional latent active transport in suburbia that involves single-family residents' travel to LCAs as well as both single-family and multifamily housing residents' travel to other destinations such as parks, schools, offices and other residences. In looking at these types of trips, researchers should give attention to the passthrough connectivity of large-lot developments such as suburban multifamily housing. A lack of direct connections across sites may be an impediment to travel paths with both sources and destinations outside of the sites in question.
Further study of existing travel patterns in these areas of suburbia and the effects of connectivity on mode choice in these areas is a critical next step in understanding the full potential of active travel in suburbia.
